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Abstract 
This work presents a novel, label-free and highly sensitive detection method based on the impedimetric properties of 
DNA-functionalized AlGaN/GaN HEMTs. Probe-DNA was immobilized on the transistor gate. This layer 
effectively acts as ion membrane with exponential transient response after a step input. Target-DNA at different 
concentrations was added (10-12 - 10-6 mol/L), and the membrane impedance to diffusion of electrolyte ions was 
increased after a perfect probe-target matching. The impedance increment was coupled with a slower exponential 
drain-source current (IDS) each step. To quantify this delay, a time constant (Ĳ) from the normalized current was 
calculated. As input, a bipolar square wave voltage was applied to gate with a reference electrode. The time constant 
for positive or negative input is proportional to the logarithm of target concentration. 
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1. Introduction 
Recognition of specific biomolecules, such as DNA, is a very important task in medical diagnosis, genomics and 
biotechnology [1]. The AlGaN/GaN HEMTs have been demonstrated to be a promising and portable technology for 
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biosensor application. These devices are highly sensitive, biocompatible and chemically stable [2]. Nonetheless, they 
present the same limitations of silicon open gate transistors: 1) electrolyte ions neutralize the charge of target 
molecules, and 2) the gate screening length is typically few nanometers and it depends on the electrolyte 
concentration [3-5]. Fortunately, DNA-layers can be described by two interesting parameters: charge or ion transfer 
resistance and ion diffusion impedance. After probe-target matching, the magnitude of both elements is increased 
and slow down the sensor transient response for a step input, and the employment of those effects enhances the 
device sensitivity [6]. This approach is investigated under the next conditions: perfect target matching, mismatching 
and different electrolyte concentration.  
2. Biosensor structure 
The transistors were fabricated on a SiC substrate. On a nucleation layer of 120 nm AlN, a heterostructure was 
grown with 1800 nm GaN and 15 nm Al0.25Ga0.85N. At the GaN/AlGaN interface a two dimensional electron gas 
(2DEG) was formed as a conductive channel due to piezoelectric and spontaneous polarization. The chosen 
configuration provided a threshold voltage of -0.5 V for neutral electrolytes. The gate was capped by a 6 nm GaN 
layer. Finally, probe-DNA was immobilized on the gate with a photochemical method as described in [5]. The 
average probe density was 1.5x10-13 cm-2. As target-DNA, PM, MM1 and MM2 at different concentration levels 
were added. The gate was covered by PBS with a pH of 7 (electrolyte). The gate size was 400 x 200 μm². 
 
Nomenclature 
PBS  phosphate buffered saline 
probe-DNA 5’-GCTT-ATCG-AGCT-TTCG-3’ 
PM  target for perfect matching, 5’-CGAA-AGCT-CGAT-AAGC-3’ 
MM1  target with one oligonucleotide mismatching, 5’- CGAA-AGCT-GGAT-AAGC-3’  
MM2  target with two oligonucleotides mismatching, 5’-CGAA-TGCT-CGAA-AAGC-3’ 
Uref  reference electrode voltage (bipolar step input) 
IDS  drain-source current (output) 
¨IDS,norm  normalized change of drain-source current  
Ĳp  time constant after positive step input 
Ĳn   time constant after negative step input 
3. Dynamic detection  
  A bipolar step input was applied with a reference electrode (Ag/AgCl). The voltage range was selected on the 
linear region from the transistor transfer characteristics curve (IDS  vs. Uref). In this case, Uref was adjusted  200 mV 
with a period of 20 s (Figure 1a). After addition of different target concentration, ¨IDS was recorded. For a 
uncomplicated comparison between all output signals, ¨IDS was normalized (¨IDS,norm). A time constant (Ĳ) was 
calculated from the intermittent output. For simplicity, it was defined as the area under or over the curve (Figure 1b).
In the case of perfect matching of target and probe DNA, time constants for both positive or negative input were 
proportional to the logarithm of target concentration until saturation at 10-7 mol/L (Figure 2). Here, the initial Ĳ was 
increased four to five times at high target concentrations (10-7 - 10-6 mol/L). The measurements were stable with low 
standard deviation (Figure 2b). The electrolyte concentration was 1 mmol/L. 
 
For mismatched DNA (MM1 and MM2), however, Ĳp and Ĳn remained on the range of 0.15 to 0.25 seconds. No 
regular pattern was observed. In addition, the standard deviation was much higher than after PM (Figure 3). PBS 
had a concentration of 1 mmol/L. 
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 Fig. 1. (a) Step input and exponential output signals. (b)  Ĳn is defined as the area under the curve, whereas Ĳp over the curve.  
 
 
Fig. 2. (a) ¨IDS,norm for positive input. Insert: Magnification of the range with most prominent changes. (b) Ĳn and Ĳp after probe-PM matching. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Ĳn and Ĳp after addition of MM1 (a) and MM2 (b)
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Finally, the dependence of the time constant on the target DNA concentration was verified in electrolytes with 
different ionic strength (Figure 4). In all cases, it was proportional to the logarithm of the target-concentration. As 
expected, the highest values were observed in 1 mmol/L PBS, i.e. the electrolyte with lowest ionic strength. 
Nonetheless, at high electrolyte concentration Ĳn and Ĳp are still measurable, which means that the detection 
mechanisms are independent of the gate screening length (Debye length). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 4. Ĳn and Ĳp were still proportional to the logarithm of the target concentration. 
Conclusions and outlook 
The presented approach improves the performance of AlGaN/GaN biosensors. Detection of 10-12 mol/L PM was 
possible, which is a very low concentration. This methodology is sensitive to target mismatching and still reliable at 
increased electrolytes. This detection method is an alternative to traditional open gate transistors, on which a very 
low change on the drain-source current and/or threshold voltage shift is quantified, and the electrolyte concentration 
must be adjusted depending on the probe-layer length and target size. In future work, very large DNA sequences and 
target-proteins are tested. 
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